The search for electroweak superpartners has recently moved to the centre of interest at the LHC. We provide the currently most precise theoretical predictions for these particles, use them to assess the precision of parton shower simulations, and reanalyse public experimental results assuming more general decompositions of gauginos and sleptons.
Introduction
For many theoretical and phenomenological reasons, supersymmetry (SUSY) remains one of the best motivated extensions of the Standard Model (SM) of particle physics. The strongly interacting superpartners in the Minimal SUSY SM (MSSM), the first-and second generation squarks and gluinos, are largely restricted after the first LHC run at 7 and 8 TeV centre-of-mass energy to be heavier than 1 TeV. However, this is not the case for stops, which play a central role in explaining the relatively large mass of the SM-like Higgs boson, and the electroweakly interacting sleptons and gauginos, which provide natural candidates for the dark matter in the universe. The search for these particles has therefore recently moved to the centre of interest at the LHC. LHC analyses on SUSY particle searches rely heavily on precision calculations of SM backgrounds and SUSY signals. At next-to-leading order (NLO) of QCD, SUSY production cross sections have been calculated more than a decade ago [1, 2, 3, 4, 5, 6, 7] . More recently, resummation methods have been applied at nextto-leading logarithmic (NLL) accuracy [8] . Here, we present our NLO+NLL calculations for direct gaugino [9, 10, 11, 12] and slepton [13, 14, 15, 16] production near threshold and close to vanishing transverse momentum (p T ), use them to assess the precision of parton shower simulations, and reanalyse public experimental results assuming more general decompositions of gauginos and sleptons.
Resummation
The hadronic cross section for the production of SUSY particles at the LHC
is obtained by a convolution of the parton densities (PDFs) f (x, µ f ), that depend on the partonic momentum fraction x and the factorisation scale µ f , with the partonic cross section σ ab , that can be expanded in powers of the strong coupling constant α s (µ r ) running with the renormalisation scale µ r .
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Near production threshold, where the ratio of the squared invariant mass M 2 of the produced particle pair over the partonic centre-of-mass energy s, z = M 2 /s, approaches unity, the cross section exhibits logarithimc enhancements,
After applying a Mellin transform, e.g.
these logarithmically enhanced terms, coming from soft gluon radiation, can be resummed to all orders,
where H represents the hard, non-singular part and c (i) are universal coefficients. Since also the dominant collinear 1/N C terms (N C being the number of colours in QCD) are universal, they can also be exponentiated in a so-called "collinear improved" resummation calculation [17] .
A second critical region is encountered when the transverse momentum of the produced particle pair tends to zero, p T → 0. There, the cross section behaves as
After applying a Fourier transform,
with b 0 = 2e −γ E , the logarithms can again be resummed to all orders,
Since the threshold and transverse-momentum logarithms are of the same kinematic origin, i.e. soft gluon radiation, they can also be resummed jointly in (N, b) space. To achieve the best possible accuracy over the full kinematic ranges, the fixed-order and resummed results are added. However, since the logarithmically enhanced terms are present in both parts, this overlap must be subtracted to avoid double counting, 
with the so-called minimal prescription, where an integration contour C N is defined by N = C + ze ±iφ and z ∈ [0; ∞[, and an inverse Fourier transform dσ dp
with a deformed contour b = (cos φ + i sin φ)t and t ∈ [0; ∞[ for a proper treatment of all encountered poles in the complex plane.
Gauginos
Using the resummation formalisms described briefly above, we demonstrate the impact of our precision predictions for gaugino pair production at the LHC with a centre-of-mass energy of √ s = 8 TeV at the constrained MSSM benchmark point defined in Tab. , and the corresponding total cross sections are shown in Tab. 2. As one can see, they are often increased, in particular from LO to NLO and, as one approaches the production threshold, also from NLO to NLL, and the scale uncertainty is always considerably stabilised.
It is interesting to compare the NLL threshold resummed results with a Monte Carlo prediction at LO using the multi-parton generator MadGraph [18] and the PYTHIA [19] parton shower. As one can see in Fig.  1 , the NLL+NLO invariant mass distribution (red, thick full) agrees in general very well with the Monte Carlo results obtained after matching matrix elements containing no (green, dotted), one (blue, dashed), and up to two (red, dot-dashed) additional jets to parton showering. As the NLO+NLL calculation does not contain more We compare the NLO matched to the NLL (red, thick full) distribution to the results obtained after matching matrix elements containing no (green, dotted), one (blue, dashed), and up to two (red, dot-dashed) additional jets to parton showering. than one hard additional jet, it does, however, not allow to validate precisely the two-jet matching [20] .
A comparison of NLO and NLO+NLL p T spectra versus the corresponding MadGraph and PYTHIA predictions is shown in Fig. 2 . While the NLO prediction diverges at low p T , the NLO+NLL result shows the correct physical turnover and agrees very well with the Monte Carlo predictions. Again, the two-jet matching can not be precisely validated due to the lack of two hard jets in the NLO+NLL calculation.
Sleptons
The production of slepton (l) pairs has so far been analysed by the LHC experiments ATLAS and CMS We compare fixed order at O(α s ) (blue, full) and NLL (red, thick full) distributions to the results obtained after matching matrix-elements containing no (green, dotted), one (blue, dashed), and up to two (red, dot-dashed) additional jets to parton showering. using simplified models. In particular, they assume a flavour-conserving decay into a SM lepton l and the lightest SUSY particle (LSP,χ 0 1 ), while all other SUSY particles, in particular the squarks and gluinos, are assumed to be heavy and to decouple. The experimental signature is then a pair of same-flavour leptons and missing transverse energy ( E T ).
In our (re-)analysis [21] , we take into account different slepton flavors (alsoτ), both left-and right-handed sleptons (incl. mixing for staus) [22] , and a different gaugino or higgsino nature of lightest neutralino [23] . The stau mass eigenstates are in particular obtained through
Their couplings to Z bosons and neutralinos are given by
where y τ denotes the tau lepton Yukawa coupling, which in the case of third-generation (s)leptons cannot be neglected. The four neutralino mixing parameters are constrained by a unitarity relation,
In Fig. 3 we show total production cross sections at NLO+NLL as a function of both stau mass and mix- ing angle. As one can see, the cross section drops with the mass of the produced staus, but also as they become more right-handed, corresponding to larger values of θτ.
We have recast a recent ATLAS slepton analysis [24] to take into account the different gaugino/higgsino nature of the neutralino that results, e.g., from left-handed selectron decays. As one can see in Fig. 4 , the exclusion curves for binos (top) and winos (bottom) are very similar, i.e. there is not much sensitivity to the nature of the lightest neutralino in these slepton decays.
The situation is quite different for the left-/righthanded nature of the decaying slepton, as one can see in Fig. 5 . Here we assume a mixed bino-wino nature for the lightest neutralino and study the production of left-(top) and right-handed (bottom) smuons. The exclusion curves are in this case quite different, reflecting the fact that right-handed (s)leptons have weaker couplings and smaller cross sections.
Conclusion
The most precise electroweak SUSY particle production cross sections at NLO+NLL are by now routinely taken into account by the LHC experiments ATLAS and CMS for gaugino/higgsino and slepton searches, in particular when deriving exclusion limits. The corresponding computer code RESUMMINO has been made public and is available for use in experimental analyses and theoretical studies, not only for SUSY particles [25] , but also for additional neutral gauge bosons [26] .
